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Abstract 

Objective: To study the local and systemic behavior of 
the tumor necrosis factor-a {TNF-a) in patients with 
active uveitis. Methods: TNF-a levels were measured in 
aqueous humor and peripheral blood samples using an 
enzyme-linked immunosorbent assay from 23 patients 
with uveitis and 16 control patients who had been oper- 
ated on for uncomplicated cataracts. Results: Aqueous 
humor and sera of patients with uveitis showed higher 
levels of TNF-a than those of controls (p< 0.001). A com- 
parison of cytokine levels between aqueous humor and 
sera showed significantly higher levels of TNF-a in se- 
rum than aqueous humor (p< 0.001). Correlation studies 
using the regression test for successive steps showed 
that serum TNF-a levels correlated with recurrent uveitis 
{r = 0.4150; p = 0.0489). Conclusions: TNF-a is a cytokine 
that participates actively in the pathogenesis of clinical 
uveitis. Our data emphasize the greater systemic than 
local participation of TNF-a. Finally, an elevated serum 
TNF-a seems to be associated with a recurrent pattern of 
uveitis. 

Copyright©2001S.KargerAG.Basel 



Introduction 

Although the precise pathogenic mechanisms underly- 
ing uveitis have not been fully identified, cytokines ap- 
pear to be involved in intraocular infl amm ation Raised 
levels of several cytokines have been reported in serum 
and aqueous humor from patients with uveitis [1-3]. 
While some cytokines such as 11^6 have been extensively 
studied in human uveitis [4, 5], others, such as tumor 
necrosis factor-a (TNF-a), have been the subject of fewer 
studies [6-8]. 

TNF-a is an important mediator in metabolic and 
immunological responses and may be regarded as one of 
the earliest and most critical mediators in inflammation. 
TNF-a is synthesized by monocytes, macrophages, neu- 
trophils, mast cells, natural killer and T lymphocytes [9]. 
Several studies have indicated that TNF is involved in the 
development of various experimental models of uveitis. 
Thus, analysis of endogenous TNF-a during endotoxin- 
induced uveitis (EIU) in rats shows an early rise in levels 
in the aqueous humor and serum [10, 11]. Moreover, 
intravitreal injection of TNF-a in rabbits [12] and in rats 
[13] induces acute uveitis characterized by an increase in 
aqueous humor protein and an infiltrate of polymorpho- 
nuclear granulocytes in the anterior chambe r, these find- 
ings suggest that TNF-a may be an initiating factor in the 
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Table 1. Clinical features and cytokine levels from patients with uveitis 
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pathogenesis of uveitis. On the other hand, studies of 
TNF-rx in serum and mainly in aqueous humor obtained 
from uveitis patients are few and their results show little 
agreement. 

Many questions have been raised regarding the role 
and kinetics of TNF-a in human uveitis. In this study we 
have attempted to determine the behavior of TNF-a and 
its correlation with clinical characte ristics in clinical uvei- 
tis by determining it in the aqueous humor and serum of 
patients with active uveitis. 

Methods 

A total of 23 patients referred to us with a diagnosis of uveitis as 
primary process were studied. Patients were included in the study if 
they had a minimum of 5-10 cells per field (1 mm 2 ) on slit lamp 



examination, and had a clinical history or characteristics which made 
it necessary or possible to remove aqueous humor for diagnostic or 
therapeutic purposes. Pregnant women, HIV patients intravenous 
drug users and patients receiving local or systemic immunosuppres- 
sive treatment were not included in the study. The patients were 
divided into two categories, those with uveitis associated with sys- 
temic diseases, and those with uveitis not associated with systemic 
disease. The first group comprised 12 patients: 5 had ankylosing 
spondylitis, 3 Behcet's disease, 1 chronic juvenile iridocyclitis, 1 graft 
versus host disease, 1 systemic toxoplasmosis, and 1 Candida septi- 
cemia. The second group comprised 1 1 patients: 2 had Fuchs' uveitis 
syndrome, 1 birdshot retinochoroidopathy, 1 lens-induced uveitis, 
and 7 were idiopathic cases (table 1). Sixteen patients who had been 
operated on for uncomplicated cataracts served as the control group 
(table 2). The "uveitis group was classified according to the recom- 
mendations of the International Group for the Study of Uveitis [14]. 
We thus took into account laterality, onset (insidious or sudden), 
duration (short: less than 3 months or chronic: more than 3 months), 
patterns (single or repeated episodes), visual damage (visual damage 
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can be mild if visual loss is :£ 50% of predisease vision, and severe if 
visual loss is s 50%), location (anterior, intermediate, posterior or 
panuveitis), and cellular and protein inflammatory activity (all cases 
who had an activity of 2+ or less were considered mild, and those 
with an activity of more than 2+ were considered severe). We also 
took into consideration other factors such as association with sys- 
temic disease, previous ocular surgery and the association with the 
B27 histocompatibility antigen. 

Aqueous (0.2-0.3 ml) and peripheral blood (10 ml) samples were 
taken from each patient before the start of steroid therapy. The 
aqueous humor was extracted under a surgical microscope via limbic 
paracentesis using a 27-gauge needle. Before the administration of 
any systemic drugs, peripheral blood was extracted at the time of 
collection of the ocular specimen. The aqueous humor was deposited 
in an Eppendorf tube (Eppendorf, Hamburg, Germany) for subse- 
quent processing. The cells were isolated from the supernatant by 
centrifugation at 3,500 rpm and both components were stored at 
-10° C until assay. The supernatant and cells were isolated from the 
peripheral blood by centrifugation at 3,500 rpm and stored at-70°C 
until assay. 

The Tenets of Declaration of Helsinki were followed. The Re- 
search Standards Committee of our center approved this project (Re- 
solution No. 68/95). All patients and controls gave their informed 
consent after the nature of the study had been fully explained to 
them. 

Detection ofTNF-a 

Levels of soluble TNF-a were measured in serum and aqueous 
humor supernatants. A commercial immunoenzymatic ELISA kit 
(Bender Medsystems, Austria) was used. Serum and aqueous humor 
samples were diluted 1 :20. Briefly, 50 ul of sample or standard con- 
trols were added to wells containing absorbed anti-TNF-a monoclon- 
al antibody. After incubation and washing following the protocols of 
the kits, an HRP-conjugated anti-TNF-a antibody was added and 
bound to the TNF-a captured by the first antibody. Following incu- 
bation any unbound conjugate was removed during a wash step and a 
substrate solution reactive with HRP (TMB) was added to the wells. 
A colored product was formed in proportion to the amount of TNF-a 
present in the sample. The reaction was terminated by addition of 
acid and the absorbance was measured at 450 nm as the primary 
wavelength and 620 nm as the reference wavelength. A standard 
curve was prepared from seven TNF-a standard dilutions and the 
TNF-a sample concentration was determined. Each determination 
was carried out in duplicate and the mean of each pair of results was 
used. The results are expressed in pg/ml and the lower detection limit 
for TNF-a was 4 pg/ml. 

Statistical Analysis 

Statistical analyses were performed using SPSS software, version 
7.5. Categorical variables were compared by using % 2 or Fisher's 
exact tests. Two continuous variables were compared by using Stu- 
dent's t test for independent and related samples when the variables 
fitted a normal distribution; when they did not we utilized the nonpa- 
rametric Mann-Whitney U test for independent samples and the 
Wilcoxon test for related samples. Association between two contin- 
uous variables was assessed bymearis of Pearson's rank correlation 
coefficient. Multiple linear regression analysis for successive steps 
was used to assess the relationships among different clinical charac- 
teristics of uveitis and the cytokine studied. AU statistical tests were 
two-tailed. 



Table 2. Clinical features and cytokine levels from controls 
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Results 

The clinical features of the 23 patients with uveitis 
included in this study and the mean (± SD) values for 
TNF-a from patients with uveitis and controls are shown 
in tables 1 and 2. Patients with uveitis and controls did 
not differ in mean age and sex distribution. 

Tumor Necrosis Factor-a 

Uveitis patients had higher TNF-a levels in both 
aqueous humor (p < 0.001) and serum (p < 0.001) as com- 
pared to controls. On the other hand, we observed that 
serum levels of TNF-a from patients with uveitis (35.35 
± 26.77 pg/ml) were significantly higher than those in the 
aqueous humor (15.1 ± 1.70 pg/ml) (fig. 1). There was a 
significant difference in mean sera of TNF-a in repeated 
episodes when compared with the first episode of uveitis 
(46.73 ± 33.65 vs. 24.92 ± 12.47 pg/ml, p< 0.05). There 
were no significant differences in mean sera and aqueous 
humor of TNF-a when the other clinical characteristics of 
uveitis (laterality, onset, visual damage, location, inflam- 
matory activity, association with systemic disease, pre- 
vious ocular surgery and association with B27 histocom- 
patibility antigen) were analyzed. 
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Fig. 1. TNF-a levels in the aqueous humor and serum of patients 
with uveitis and controls. Mean (central point) and 95% confidence 
limits (in parentheses) are shown. The assay sensitivity was 4.0 pg/ 
ml. 



Correlation Studies 

When TNF-a was analyzed for clinical characteristics 
of the patients with uveitis by the regression test for suc- 
cessive steps, an association was observed between recur- 
rent uveitis and serum levels of TNF-a (r = 0.4150; p = 
0.0489) (table 3). No relationships were found between 
the age of the patients and TNF-a or the other clinical 
characteristics of uveitis and TNF-a. 



Discussion 

TNF-a has been widely studied in the EIU experimen- 
tal model. De Vos et al. [10] thus refer to an early release 
of TNF-a in aqueous humor, prior to the appearance of 
any clinical symptom of uveitis, suggesting that this cyto- 
kine may be an early mediator in the pathogenesis of EIU. 
While studies of TNF-a using experimental models of 
uveitis are numerous [15—17], studies of TNF-a in ocular 
material obtained from uveitis patients are scant and 
demonstrate little agreement. Our study shows that the 
aqueous humor and sera from patients with uveitis have 
higher levels of TNF-a than those from controls. Previous 
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reports have demonstrated that the aqueous humor from 
patients with uveitis contains TNF-a. Thus, Palexas et al. 
[6] reported 1 patient with sympathetic ophthalmia in 
whom they detected elevated ocular and systemic levels of 
TNF, and Franks et al. [8] found detectable levels of 
TNF-a in only one of five samples of vitreous humor from 
uveitis patients. Likewise, Rahi and Al-Kaff [2] found 
that serum levels of TNF-a are increased in patients with 
retinal vasculitis but not in other uveitis subgroups. These 
data support our present findings and reinforce the idea 
that TNF-a may be a mediator in ocular inflammation. 
However, Feys et al. [18] were unable to detect TNF-a in 
either serum or aqueous humor of patients with uveitis 
and endophthalmitis, and Lee et al. [7] did not observe 
changes in sera TNF-a levels of patients with uveitis. It is 
difficult to interpret these discrepancies; the lack of agree- 
ment may be due to the different laboratory techniques 
employed, a failure to take into account kinetic factors 
inherent in the evolution of the disease, or to differences 
in the etiological classification of the syndromes involved. 
Therefore, further studies are needed in more specific 
uveitis subgroups. 

It was interesting that our patients with uveitis showed 
higher levels of TNF-a in serum than in the aqueous 
humor. This suggests the existence of a leakage from the 
blood to the aqueous humor rather than local production. 
Although the significance of these higher levels of serum 
TNF-a is unknown, it may be related, as in some experi- 
mental models of uveitis, to the initiation of a regulatory 
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and protective response at the systemic level. De Vos et al. 
[19] have demonstrated that systemic treatment with 
anti-TNF-a antibodies in rats provokes an exacerbation 
of EIU, suggesting that serum TNF-a may have a protec- 
tive effect by inhibiting the migration of polymorphonu- 
clear cells to the focus of inflammation and that TNF-a 
could induce a generalized activation of adhesion mole- 
cules at the systemic level, which would further avoid the 
local inflow of inflammatory cells. 

Regarding the behavior of this cytokine according to 
the different clinical characteristics of the uveitis (age, 
sex, laterality, onset, patterns, visual damage, location, 
inflammatory activity, association with systemic disease, 
previous ocular surgery, and association with B27 histo- 
compatibility antigen) we observed that patients with 
recurrent uveitis had higher levels of serum TNF-a than 
those who were suffering the first episode of their disease. 



Because the existence of recurrent uveitis worsens the 
visual prognosis, the high values of serum TNF-a found in 
the recurrent uveitis group may have a prognostic value, 
although more studies will be needed to confirm this 
hypothesis. On the other hand, when we try to differen- 
tiate the behavior of serum TNF-a according to whether 
the uveitis was or was not associated with systemic dis- 
ease, it is interesting to point out that although the serum 
TNF-a levels in both subgroups were significantly higher 
than in controls, no difference was observed between 
serum TNF-a levels of uveitis patients with systemic dis- 
ease and those of the uveitis patients without systemic dis- 
ease. These findings suggest that the inflammatory phe- 
nomena may not be restricted to the eye only, but that in 
fact at least some forms of idiopathic uveitis may repre- 
sent systemic autoimmune diseases with ocular manifes- 
tations only. 
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